Interest in self-rated health (SRH) as a tool for use in disease and mortality risk screening is increasing. The authors assessed the discriminatory ability of baseline SRH to predict 10-year mortality rates compared with objectively measured health status. Principal component analysis was used to create a health score that included systolic blood pressure, presence of diabetes mellitus, body mass index, electrocardiographic parameters, B-type natriuretic peptide, and other biochemical and hematologic measures. From 1997 to 2007, a total of 474 of the 1,388 baseline participants died and 81 were lost to follow-up, yielding 11,833 person-years of observation. The adjusted hazard ratio for death was 1.74 (95% confidence interval (CI): 1.32, 2.29) for persons reporting poor health versus those reporting good health. When combined with age and sex, SRH had a C statistic to predict death equal to 0.69 (95% CI: 0.67, 0.71), which was comparable to that of the inclusive health score (C ¼ 0.69, 95% CI: 0.67, 0.72). The addition of other parameters, such as lifestyle, physical functioning, mental symptoms, and physical symptoms, had little effect on these 2 predictive models (C ¼ 0.71 (95% CI: 0.69, 0.73) and C ¼ 0.71 (95% CI: 0.69, 0.74), respectively). The abilities of the SRH and the health score models to predict death decreased in parallel fashion over time. These results suggest that older adults who report poor health warrant particular attention as persons who have accumulated biologic markers of disease.
Self-rated health (SRH) is an expression of social, psychological, and biologic dimensions. It is one of the most widely used yet poorly understood measures of health (1) . There have been several studies in which the association between SRH and mortality has been studied, and the results have been fairly consistent (2) (3) (4) (5) (6) (7) (8) (9) . In a meta-analysis of 22 community-based cohort studies, DeSalvo et al. (5) found that individuals who reported poor health had a 2-fold increased risk of death compared with individuals who reported excellent health. This association was attenuated but remained significant after adjustment for self-reported or objectively measured diseases.
With heightened interest in predictive health measures has come interest in using SRH as a tool for disease and mortality risk screening (10) (11) (12) . The discriminatory ability of SRH alone or in addition to other variables (such as health conditions and health behaviors) to predict the outcome is generally assessed by estimating the areas under the receiver operating characteristic curve (C statistics) of different predictive models (13) . To our knowledge, previous studies on this subject were limited to self-reported health conditions. A study conducted in a clinic-based Veterans Affairs population in the United States showed that the discriminatory ability of SRH to predict death within 12 months was comparable to that of the physical health components of the Short Form 36 Health Survey Update and of the Seattle Index of Comorbidity, which is based on self-reported chronic conditions, age, and tobacco use (11) . Other studies have shown that SRH adds value to conventional risk factors for predicting stroke (10) and other cardiovascular outcomes (12) .
We used data from a community-based cohort study of aging to compare the discriminatory ability of baseline SRH to predict 10-year subsequent deaths with that of an inclusive health score based on 10 objectively measured parameters. An additional objective of the present study was to examine the stability of these measures in predicting the outcome over time.
MATERIALS AND METHODS

Study design and population
The Bambuí Cohort Study of Aging is an ongoing study being conducted in Bambuí City (approximately 15,000 inhabitants) in Minas Gerais State, Brazil. The cohort study procedures have been described in detail elsewhere (14) . Briefly, the baseline cohort population comprised all residents aged 60 years or older, who were identified using a complete census of the city. Of a total of 1,742 older residents, 1,606 participated in the baseline survey in 1997. Cohort members underwent annual follow-ups, which consisted of interviews and verification of vital status. The baseline health profiles of participants revealed a double burden of disease, with high prevalences of chronic nontransmissible diseases and infection by Trypanosoma cruzi (14) , a protozoan that causes Chagas disease, which can lead to heart problems (15) .
The Bambuí Cohort Study of Aging was approved by the ethics board of the Fundac xão Oswaldo Cruz, Rio de Janeiro, Brazil. Participants provided informed consent and authorized death certificate verification.
Mortality data source
Deaths that occurred between study enrollment in 1997 and December 31, 2007, were included in the present analysis. Deaths were reported by next of kin during the annual followup interview and ascertained through the Brazilian System of Information on Mortality (Sistema de Informac xões sobre Mortalidade). Death certificates were obtained for 98.9% of the participants who died. Deaths from any cause were considered in this analysis.
SRH at baseline
SRH was measured by asking the question, ''In general, would you say your health is. . .,'' and the response categories were ''excellent,'' ''good,'' ''fair,'' and ''poor.'' Information on SRH was obtained during the household interview at baseline. Because only a few individuals (2.7%) rated their health as excellent, persons who reported excellent and good health were combined into a single group.
Other baseline measures of health status and related conditions SRH is affected by several factors, such as socioeconomic position and/or schooling level, social support level, lifestyle, functional status, symptoms experienced, awareness of having a disease, and laboratory values or other objective measures of health (1) .
The variables selected for the present study comprised the above-mentioned domains, as follows: 1) sociodemographic characteristics (age, sex, marital status, and number of completed years of schooling); 2) lifestyle characteristics (smoking status, physical activities during leisure time, and fruit and/or vegetable consumption); 3) functional status (disability in activities of daily living); 4) physical symptoms (angina pectoris, intermittent claudication, and chronic knee or hand symptoms) and mental symptoms (common mental disorders and/or insomnia); 5) self-reported chronic conditions; and 6) objective measures of health.
Current smokers were persons who had smoked at least 100 cigarettes during their lifetimes and who were still smokers. Leisure-time physical activity was defined as activity of any intensity for 20-30 minutes at least 3 times a week during the previous 3 months. Consumption of fruits and vegetables was defined as eating at least 1 serving 5 days per week during the previous 12 months. Participants were considered to have a disability in activities of daily living if they reported much difficulty with feeding, dressing, bathing, or showering themselves, using the toilet, or getting in and out of the bed or if they reported incontinence (16) . Symptoms of angina pectoris and intermittent claudication were measured by using the World Health Organization's Rose questionnaire (17) , and chronic knee or hand symptoms were measured with a questionnaire used in the Third National Health and Nutrition Examination Survey (18) . Assessment of common mental disorders was based on participants' answers to the 12-item version of the General Health Questionnaire. A score of 4/5 was considered the cutoff for defining the exposure status, as recommended for the study population (19) . Report of insomnia was based on the frequency of this complaint in the preceding 30 days (20) . We obtained data on specific chronic diseases from patient self-reports in answer to the question, ''Did a doctor ever tell you that you had . . .?'' The specific diseases considered in our analysis were hypertension, diabetes mellitus, high cholesterol, and Chagas disease.
The leading causes of death among the Bambuí cohort participants were stroke, coronary heart disease, Chagas disease, and chronic obstructive pulmonary disease (14) . Thus, we included the following objective measures of health status in the present analysis: 1) cardiovascular risk factors and prognostic markers (systolic blood pressure, body mass index, diabetes mellitus, cholesterol level, left ventricular hypertrophy as determined by electrocardiogram (ECG), and plasma B-type natriuretic peptide (BNP)) (21-23); and 2) T. cruzi infection status and the leading ECG abnormalities associated with this infection (complete intraventricular blocks and frequent ventricular premature beats) (24, 25) . Further, we included 3 laboratory measures that were previously reported to be associated with SRH (26) and that were found to be positively (serum creatinine and white blood cell count) or negatively (serum albumin) associated with subsequent mortality in the study population (results not shown).
Systolic blood pressure was defined as the mean of 2 of 3 measures according to standard protocols. Body mass index was defined as weight in kilograms divided by the square of height in meters. Diabetes mellitus was defined as a fasting blood glucose level of 126 mg/dL or higher or the current use of hypoglycemic medication. Plasma BNP was measured using a microparticle-based immunoassay (AxSYM MEIA; Abbott Laboratories, Inc., Abbott Park, Illinois). Infection with T. cruzi was assessed by means of 3 different assays performed concurrently: 1 hemagglutination assay (Biolab Mérieux SA, Rio de Janeiro, Brazil) and 2 enzyme-linked immunosorbent assays (Abbott Laboratories, Inc., and Wiener Laboratories, Rosario, Argentina). Blood fasting glucose, total cholesterol, lipoprotein cholesterol, serum creatinine, and albumin concentrations were determined by using standard enzymatic methods (Merck, Darmstadt, Germany). White blood cell count was assessed using an electronic counter (Coulter Counter T 890; Coulter Electronics, Hialeah, Florida). Blood samples were collected after a recommended 12-hour fast. Twelve-lead ECGs (Hewlett Packard MI700A; Hewlett Packard, Palo Alto, California) were digitally recorded at rest using standardized procedures. ECGs were analyzed at the ECG Reading Center (EPICARE Center, Wake Forest University School of Medicine, WinstonSalem, North Carolina) and classified according to the Minnesota code criteria (27) . A major ECG abnormality was defined as the presence of one of the previously mentioned abnormalities. Further details have been published elsewhere (14, 28) .
Statistical analysis
SRH was categorized as good/excellent (reference group), fair, or poor. Principal component analysis (29) was used to create a health score that included the following indicators: systolic blood pressure (continuous), body mass index (<20, 20-24 (reference), 25-29, or 30), diabetes mellitus (yes or no), ratio of total cholesterol to high density lipoprotein cholesterol (continuous), log-transformed plasma BNP value (continuous), log-transformed serum creatinine level (continuous), log-transformed white blood cell count (continuous), serum albumin level (continuous), T. cruzi infection (yes or no), and a major ECG abnormality (yes or no). Scores may range from ÀN to þN. Higher scores indicated worse health status. Health score values were divided into quintiles.
We computed survival curves using Kaplan-Meier estimates to examine the unadjusted association between SRH, health score, and all-cause mortality rate. Hazard ratios and 95% confidence intervals for mortality were estimated using the Cox proportional hazards model after confirming that the assumption of proportionality of hazards was met. First, we estimated the association between SRH and mortality by adjusting for age (continuous) and sex. We then added educational level ( 3, 4-7, or !8 years), presence of a spouse (yes or no), current smoking (yes or no), physical activity 3 times per week (yes or no), consumption of fruits and vegetables 5 days per week (yes or no), disability in activities of daily living (yes or no), physical symptoms (angina pectoris, intermittent claudication, and chronic knee and hand symptoms; each classified as yes or no), and mental symptoms (yes or no). Similar analyses were implemented to assess the association between baseline quintile of health score and mortality.
We conducted additional analyses to quantify and compare the discriminatory ability of SRH and the health score to predict death by using the area under the receiver operating characteristic curve (C statistic). These analyses were performed for all subjects and for men and women separately. We also performed sensitivity analyses limited to those subjects who were not infected with T. cruzi, as well as analyses limited to subjects who did not have a previous medical diagnosis of hypertension, diabetes mellitus, high cholesterol level, or Chagas disease. Finally, we estimated the timedependent discriminatory ability of the same measures to predict mortality over time (13, 30) . All analyses were based on the 4 adjusted models described above.
Statistical analyses were conducted using Stata, version 11.0 (StataCorp LP, College Station, Texas), except for determination of the C statistic, which was estimated using the risksetROC package in R (R Foundation for Statistical Computing, Vienna, Austria). All P values were 2-tailed (P < 0.05).
RESULTS
Of the 1,606 subjects in the cohort, complete data on all study variables were available for 1,322; those participants were included in the current analyses. The average follow-up period was 9.0 years. A total of 474 participants died and 81 were lost to follow-up, yielding 11,833 person-years of observation. The overall mortality rate was 40.1 per 1,000 person-years. Persons lost to follow-up were slightly younger than those who were followed (mean age ¼ 67.3 years (standard deviation, 5.5) vs. 68.9 years (standard deviation, 7.0); (P ¼ 0.045)), but both sexes were similarly represented (P ¼ 0.461). Baseline SRH distributions (P ¼ 0.091) and the baseline median health scores (P ¼ 0.338) were similar for persons followed and those lost to follow-up. The proportions of proxy respondents used in the baseline interviews were also similar in both groups (6.3% and 3.5%, respectively; P ¼ 0.281).
At baseline, 24.7%, 50.1%, and 25.2% of participants rated their health as good/excellent, fair, and poor, respectively. The mean age of participants was 68.8 years (range, 60-93 years), and 61.9% were women. Other characteristics of participants are presented in Table 1 .
As shown in Figures 1 and 2 , there was a univariate association between baseline SRH (P < 0.001) and quintile of the baseline health score (P < 0.001) and survival. Compared with participants who rated their health as excellent or good, persons who reported poor health had a steeper decrease in the survival curve (Figure 1 ). For the health score, there were steeper decreases in the survival curves among persons in the fourth and fifth quintiles (Figure 2) .
In a Cox proportional hazards model that was adjusted for age and sex, participants who reported poor health at baseline had a 2-fold higher risk of death (hazard ratio (HR) ¼ 2.01, 95% confidence interval (CI): 1.57, 2.57) than did those who reported excellent or good health. After adjustment for marital status, educational level, lifestyle, physical symptoms, and mental symptoms, a statistically significant risk of mortality was still observed among those who reported poor health at baseline (HR ¼ 1.74, 95% CI: 1.32, 2.29). Statistically significant hazard ratios for mortality were found for those in the bottom quintile of the health score in the model adjusted for age and sex (HR ¼ 2.19, 95% CI: 1.65, 2.92), as well as in the fully adjusted model (HR ¼ 2.12, 95% CI: 1.57, 2.86) ( Table 2) .
As shown in Table 2 , the discriminatory ability of a model to predict death (C statistic) based on SRH, age, and sex was 0.69. The corresponding value for a model based on the health score, age, and sex was 0.69. In the fully adjusted models, which added educational level, marital status, lifestyle variables, physical functioning, physical symptoms, and mental symptoms to the above-mentioned models, the C statistic values increased only slightly (rounded to 0.71 in both models). The differences in results generated by the models based on SRH and the corresponding models based on the health score were not statistically significant (P ¼ 0.663 and P ¼ 0.880, respectively). There was no statistically significant difference between the discriminatory ability of SRH and that of the health score in predicting death among either men or women. The ageadjusted C statistics were 0.68 and 0.67, respectively, for men (P ¼ 0.237) and 0.69 and 0.70, respectively, for women (P ¼ 0.869). The corresponding values for the fully adjusted models were 0.72 and 0.72, respectively, for men (P ¼ 0.682) and 0.70 and 0.71, respectively, for women (P ¼ 0.832). Abbreviations: CI, confidence interval; HR, hazard ratio. a Adjusted for age, sex, educational level, marital status, current smoking, physical activity level, alcohol consumption, fruit and vegetable consumption, activities of daily living disability, angina pectoris, intermittent claudication, chronic knee or hand symptoms, common mental disorders, and insomnia.
b P value for difference between self-rated health and health score. A sensitivity analysis restricted to persons who were not infected with T. cruzi yielded results similar to those presented in Table 2 , with age-and sex-adjusted C statistics of 0.70 for SRH and 0.69 for the health score (P ¼ 0.194) and fully adjusted C statistics of 0.72 for both (P ¼ 0.523). Another sensitivity analysis that was restricted to persons without a previous medical diagnosis of hypertension, diabetes mellitus, high cholesterol level, or Chagas disease again yielded results similar to those shown in Table 2 , with age-and sexadjusted C statistics of 0.69 for both SRH and the health score (P ¼ 0.568) and fully adjusted C statistics of 0.71 for both (P ¼ 0.836). The discriminatory abilities of the models based on SRH and the models based on the health score to predict death decreased gradually over the 10 years of follow-up (Figure 3) .
DISCUSSION
The present cohort study, based on 11,833 person-years of observation, provides epidemiologic evidence of similar discriminatory abilities of baseline SRH and an inclusive health score to predict 10-year death rates in a population of community-dwelling elderly. The predictive value of SRH based on a single question was comparable to that of a health score based on 10 objectively measured parameters, with consistent results for men and women. Another major finding of the present study was the similarity of the stability of the discriminatory abilities of SRH and the health score to predict death over time. The performances of both measures decreased slightly (in a parallel fashion) from the initial years to the end of the study period. Both measures maintained their ability to predict deaths 1 decade after their assessment.
Most previous studies showed a graded association between one's perception of health and subsequent mortality, with increased hazard ratios for those reporting fair to poor SRH (5). In our study, poor SRH showed a strong and independent association with the risk of death, but no significant mortality differences were observed between good and fair SRH. It appears that linguistic factors play a role in participants' choices on the SRH scale. In surveys conducted in Spanish and Russian languages, the middle option (fair or average) seems to describe normal health rather than good in self-health evaluations (31, 32) . Given that Portuguese and Spanish are similar languages, linguistic factors might explain the absence of an association between fair SRH and subsequent mortality found in the present study.
Why SRH has prognostic value for mortality is not well understood (1) . The most intuitive explanation is that SRH reflects an individual's awareness of symptoms, diagnoses, or diminished functioning, all of which are associated with mortality risk (2) . Jylhä proffers the hypothesis that ''[SRH] is a statistical (rather than a causative) predictor of mortality because of its ability to reflect the state of the human organism'' (1, p. 311). Our results showed an increased risk of mortality associated with poor SRH that remained statistically significant after adjustment for disability in activities of daily living, physical symptoms, and mental symptoms in addition to sociodemographic and lifestyle variables. Moreover, this association remained significant even after adjustment for the inclusive health score (HR ¼ 1.66, 95% CI: 1.26, 2.19; data not shown). These findings are in agreement with the idea that SRH represents a broader dimension of health than do these domains.
To be useful in risk assessment, tools need to be robust in their ability to discriminate between persons at risk and those not at risk. For example, the widely used Framingham risk score has a C statistic of 0.77 to predict coronary heart disease (33) . SRH had a C statistic of 0.74 when used to predict death within 12 months in a North American outpatient clinic-based population (11) . By comparison, the corresponding value was 0.73 for the physical components of the Short Form 36 and 0.74 for the Seattle Index of Comorbidity (11) . In the present analysis, SRH in association with age and sex had a C statistic to predict 10-year death of 0.69, which was comparable to that of the inclusive health score. The addition of other variables had little effect on the discriminatory ability of these models.
SRH alone or in association with other measures has been recommended as a substitute for longer risk-screening instruments, particularly for triaging those reporting worse health into more intensive evaluation and care management programs (11, 12) , but there is no consensus on this recommendation. The arguments in favor of SRH use are the ease and simplicity of collecting the information compared with measures that require blood tests and/or ECG and that are more expensive and do not provide immediate results (11, 12) . SRH is readily interpretable, requiring no special scoring (11) . The arguments against the use of SRH tend to focus on the nonspecific nature of the SRH measure (1) and the difficulties inherent in ensuring that the information is accurate, especially when it serves as the basis for determining eligibility for more care resources (11) . Our results suggest that SRH in association with age and sex can be useful in identifying vulnerable older adults in the community. However, further research is needed to assess when and how this information can be used for health planning. Strengths of the study include the community-based sample, standardized and systematic measurement of parameters at baseline, continuous surveillance for mortality according to standardized criteria, and minimal loss of participants to follow-up. Furthermore, variables for inclusion in our score were selected a priori. These strengths allowed us to make meaningful estimates of mortality risks associated with SRH and the inclusive health score over a long period of time. This study also has some limitations. We used 10 parameters to construct the health score, including several prognostic markers and known risk factors for mortality, as well as a new biomarker (BNP) that has been reported to be a robust and independent prognostic factor for mortality and cardiovascular outcomes in several cohort studies (23) , including the Bambuí Cohort Study of Aging (28) . The range of health and health-related variables included in any study is always limited, however, and ''can never exhaustively cover the variety of health problems among participants in a large population study'' (1, p. 312). Thus, one cannot discard the possibility of the existence of external and unrecognized variables affecting our results. Although the present analysis was conducted in a population with a high prevalence of a chronic parasitic disease (Chagas disease), it is unlikely that this affected the predictive value of the 2 measures because a sensitivity analysis limited to uninfected individuals had similar C statistic estimates. Being aware of having a chronic disease or condition could have influenced a participant's perception of his or her own health among those included in the health score subgroup (1). However, a sensitivity analysis limited to persons who were unaware of having hypertension, diabetes mellitus, high cholesterol, or Chagas disease did not affect the comparative C statistic estimates.
In conclusion, our findings extend previous knowledge on the ability of a measure as simple as SRH to predict death by showing its equivalence with a very inclusive health score. The main implication of this work relies on the recognition that older adults who report poor health warrant particular attention as persons who have accumulated biologic markers of disease.
